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TITLE OF THE INVENTION 

Input Buffer Circuit Having Function of Canceling Offset Voltage 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to an input buffer circuit having a function of 
canceling an offset voltage. 
Description of the Background Art 

In a conventional input buffer circuit having a composition that plural 
10 differential amplifier circuits are in a cascade connection with each other, various circuit 
elements such as a resistance for a voltage division, a terminating resistance and so on are 
connected with a data path (or a signal path) to cancel an offset voltage. 

Besides, a technique corresponding to a method of canceling the offset voltage 
is disclosed in Japanese Patent Application Laid-Open Nos. 2002-9561, 2003-8407 and 
15 H04-192703 (1992). 

However, according to the conventional input buffer circuit, a problem arises 
that there is a case that a capability of the input buffer circuit drops that a noise increases, 
a bandwidth of the differential amplifier circuit becomes narrow and so on under the 
influence of the circuit elements described above which are connected with the data path. 
20 Moreover, a case can arise that the offset voltage cannot be appropriately 

canceled under the influence of a DC component included in a signal outputted from a 
circuit of a former stage. Accordingly, a problem arises that a connection type with a 
circuit of a former stage is limited to a connection type through a capacitor (a capacity 
coupling type). 

25 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to obtain an input buffer circuit without a 
drop of a capability of a circuit and a limitation of a connection type with a circuit of a 
former stage. 

5 The present invention is intended for an input buffer circuit to/from which first 

and second input signals are inputted and first and second output signals are outputted. 
According to the present invention, the input buffer circuit includes a first differential 
amplifier circuit, a first integration circuit, a second integration circuit and a first voltage 
converting circuit. The first output signal is inputted to the first integration circuit. 

10 The second output signal is inputted to the second integration circuit. The first voltage 
converting circuit converts voltage values outputted from the first and the second 
integration circuits, respectively. The first differential amplifier circuit has a first 
transistor having a gate to which the first input signal is inputted and a second transistor 
having a gate to which the second input signal is inputted. An output of the first voltage 

15 converting circuit is connected with respective back gates of the first and the second 
transistors. 

The first voltage converting circuit outputs an integration result by the first 
integration circuit corresponding to the first output signal with converting into an 
appropriate voltage according to a design specification of the first transistor. Moreover, 

20 the first voltage converting circuit outputs an integration result by the second integration 
circuit corresponding to the second output signal with converting into an appropriate 
voltage according to a design specification of the second transistor. An offset voltage is 
cancelled by impressing each voltage outputted from the first voltage converting circuit 
on the respective back gates of the first and the second transistors. 

25 These and other objects, features, aspects and advantages of the present 
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invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a circuit diagram illustrating a composition of an input buffer circuit 

according to a preferred embodiment 1 of the present invention. 

Fig. 2 is a graph showing an aspect that an offset voltage is cancelled. 

Fig. 3 is a circuit diagram illustrating a composition of an input buffer circuit 
according to a preferred embodiment 2 of the present invention. 
10 Fig. 4 is a circuit diagram illustrating a composition of an input buffer circuit 

according to a preferred embodiment 3 of the present invention. 

Fig. 5 is a circuit diagram illustrating a composition of an input buffer circuit 
according to a preferred embodiment 4 of the present invention. 



1 5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiment 1 . 

Fig. 1 is a circuit diagram illustrating a composition of an input buffer circuit 
according to the preferred embodiment 1 of the present invention. The input buffer 
circuit having a composition that two differential amplifier circuits are in a cascade 
20 connection with each other is illustrated in Fig. 1. However, the number of the 
differential amplifier circuit is not limited to two, but the input buffer circuit only has to 
include one or more differential amplifier circuits. 

The input buffer circuit includes a differential amplifier circuit of a first stage, a 
differential amplifier circuit of a second stage, a first and a second low pass filter circuits 
25 functioning as an integration circuit and a differential amplifier circuit 5 functioning as a 
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voltage converting circuit. In this regard, a level shifter circuit can be placed in 
exchange for the differential amplifier circuit 5. 

The differential amplifier circuit of the first stage has loads lm and In and n 
channel MOSFETs (simply described as "transistor" hereinafter) lx, ly and lz. A drain 
5 of the transistor lx is connected with a source potential through the load lm. A source 
of the transistor lx is connected with a drain of the transistor lz. An input signal IN is 
inputted to a gate of the transistor lx from a circuit of the former stage which not shown 
in Fig. 1 (for example, a transimpedance amp sealed off in the same case as a photodiode). 
A drain of the transistor ly is connected with a source potential through the load In. A 

10 source of the transistor ly is connected with the drain of the transistor lz. An input 
signal INB is inputted to a gate of the transistor ly from the circuit of the former stage 
described above. The transistor lz functions as a constant current source of the 
differential amplifier circuit of the first stage. A source and a back gate of the transistor 
lz are connected with a ground potential. A determined bias voltage BIAS is inputted to 

15 a gate of the transistor lz. 

The differential amplifier circuit of the second stage has loads 2m and 2n and 
transistors 2x, 2y and 2z. A drain of the transistor 2x is connected with a source 
potential through the load 2m. A source of the transistor 2x is connected with a drain of 
the transistor 2z. An output signal Via outputted from the differential amplifier circuit 

20 of the first stage is inputted to a gate of the transistor 2x. A drain of the transistor 2y is 
connected with a source potential through the load 2n. A source of the transistor 2y is 
connected with the drain of the transistor 2z. An output signal Vlb outputted from the 
differential amplifier circuit of the first stage is inputted to a gate of the transistor 2y. 
Respective back gates of the transistor 2x and 2y are connected with a ground potential. 

25 The transistor 2z functions as a constant current source of the differential amplifier circuit 
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of the second stage. A source and a back gate of the transistor 2z are connected with a 
ground potential. The bias voltage BIAS is inputted to a gate of the transistor 2z. 
Output signals OUT, OUTB which are output signals of the input buffer circuits are 
outputted from the differential amplifier circuit of the second stage. 
5 As opposed to the example illustrated in Fig. 1, in case that the transistors lz, 

2x, 2y and 2z are p channel MOSFETs, respectively, the respective back gates of these 
transistors are connected with a source potential. 

The output signal OUTB is inputted to the first low pass filter circuit. The 
first low pass filter circuit has a composition that a resistance 3 s and a capacitor 4s are 
10 serially connected with each other between the output signal OUTB and the ground 
potential. 

The output signal OUT is inputted to the second low pass filter circuit. The 
second low pass filter circuit has a composition that a resistance 3t and a capacitor 4t are 
serially connected with each other between the output signal OUT and the ground 
15 potential. 

A first input terminal of the differential amplifier circuit 5 is connected with a 
serial connection point between the resistance 3s and the capacitor 4s. According to this, 
a voltage value V2a outputted from the first low pass filter circuit (that is to say, a 
potential of the capacitor 4s) is inputted to the first input terminal of the differential 

20 amplifier circuit 5. Moreover, a second input terminal of the differential amplifier 
circuit 5 is connected with a serial connection point between the resistance 3t and the 
capacitor 4t. According to this, a voltage value V2b outputted from the second low pass 
filter circuit (that is to say, a potential of the capacitor 4t) is inputted to the second input 
terminal of the differential amplifier circuit 5. The differential amplifier circuit 5 

25 outputs a voltage V3a with converting the voltage value V2a, and outputs a voltage V3b 
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with converting the voltage value V2b. A first output terminal of the differential 
amplifier circuit 5 is connected with the back gate of the transistor lx. According to this, 
the voltage V3a is impressed on the back gate of the transistor lx by the differential 
amplifier circuit 5. Moreover, a second output terminal of the differential amplifier 
5 circuit 5 is connected with the back gate of the transistor ly. According to this, the 
voltage V3b is impressed on the back gate of the transistor ly by the differential amplifier 
circuit 5. 

In case of amplifying a low amplitude and a high frequency signal (for example, 
an output signal of the photodiode) by the input buffer circuit, the input signals IN and 

10 INB swing in a minute amplitude of the same degree in both a plus direction and a minus 
direction with a central focus on a direct-current voltage value called a common mode 
voltage without swinging fully to the source potential and the ground potential. Ideally, 
it is desirable that a common mode voltage corresponding to the output signal Via is 
equal to a common mode voltage corresponding to the output signal Vlb each other. 

15 However, a characteristic of the transistor lx and a characteristic of the transistor ly are 
different with each other due to the variation in manufacture and so on, thus a potential 
difference (offset voltage) occurs between the common mode voltage corresponding to 
the output signal Via and the common mode voltage corresponding to the output signal 
Vlb. 

20 A method of canceling the offset voltage in the input buffer circuit illustrated in 

Fig. 1 is described hereinafter. The output signal OUTB is inputted to the first low pass 
filter circuit, and the first low pass filter circuit integrates the output signal OUTB. A 
result of the integration is stored as the voltage value V2a in the capacitor 4s. In the 
same manner, the output signal OUT is inputted to the second low pass filter circuit, and 

25 the second low pass filter circuit integrates the output signal OUT. A result of the 



integration is stored as the voltage value V2b in the capacitor 4t. The offset voltage is 
reflected in a difference between the voltage value V2a and the voltage value V2b. 

The differential amplifier circuit 5 generates appropriate voltages V3a and V3b 
according to the design specification of the differential amplifier circuit of the first stage, 
5 especially, a design specification of the transistors lx and ly by converting the voltage 
values V2a and V2b and outputs them. The voltages V3a and V3b are impressed on the 
respective back gates of the transistors lx and ly, respectively, and according to this, 
threshold voltages of the respective transistors lx and ly change, respectively. The 
offset voltage is cancelled when the respective threshold voltages of the transistors lx and 
10 ly change. 

For example, it is assumed that the common mode voltage corresponding to the 
output signal Via is higher than the common mode voltage corresponding to the output 
signal Vlb. In this case, the common mode voltage corresponding to the output signal 
OUT becomes higher than the common mode voltage corresponding to the output signal 

15 OUTB. Accordingly, the voltage value V2b becomes higher than the voltage value V2a, 
and the voltage V3b becomes higher than the voltage V3a. The higher a voltage 
impressed on the back gate (body bias voltage) is, the larger a drain current of the 
transistor is, thus a voltage drop by the load In becomes larger than a voltage drop by the 
load lm. As a result, the common mode voltage corresponding to the output signal Via 

20 drops, and the common mode voltage corresponding to the output signal Vlb rises. In 
this manner, the offset voltage is canceled. 

Fig. 2 is graph showing an aspect that the offset voltage is canceled. In a 
primary state, the common mode voltage corresponding to the output signal OUT is 
higher than the common mode voltage corresponding to the output signal OUTB, and the 

25 offset voltage occurs between them. However, it is noticed that the offset voltage is 
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gradually canceled and after passing about 6ns, the respective common mode voltages 
corresponding to the output signals OUT and OUTB become nearly equal. 

In this manner, according to the input buffer circuit according to the present 
preferred embodiment 1, the offset voltage is canceled by impressing the voltages V3a 

5 and V3b on the respective back gates of the transistors lx and ly, respectively. 
Accordingly, it is not necessary to connect circuit elements such as a resistance for a 
voltage division, a terminating resistance and so on with a data path, thus a drop of a 
capability of the input buffer circuit under the influence of these circuit elements can be 
prevented. Moreover, a connection type with a circuit of a former stage is not limited to 

10 a capacity coupling type. 

Moreover, for example, the input signals IN and INB are high frequencies of 
approximately 10GHz, and in contrast, a response of control of the threshold voltage 
employing the back gate is approximately 1GHz, lower than the high frequencies of the 
input signals IN and INB. However, according to the input buffer circuit according to 

15 the present preferred embodiment 1, values of the voltages V3a and V3b are determined 
with employing the respective integration results of the first and second low pass filter 
circuits, thus the voltages V3a and V3b impressed on the respective back gates of the 
transistors lx and ly do not transit at a high speed as compared with the input signals IN 
and INB. As a result, the offset voltage can appropriately be canceled. 

20 Preferred embodiment 2. 

Fig. 3 is a circuit diagram illustrating a composition of an input buffer circuit 
according to the preferred embodiment 2 of the present invention. The first output 
terminal of the differential amplifier circuit 5 is connected with the respective back gates 
of the transistors lx and 2x, respectively. According to this, the voltage V3a is 

25 impressed on the respective back gates of the transistors lx and 2x by the differential 
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amplifier circuit 5, respectively. Moreover, the second output terminal of the 
differential amplifier circuit 5 is connected with the respective back gates of the 
transistors ly and 2y. According to this, the voltage V3b is impressed on the respective 
back gates of the transistors ly and 2y by the differential amplifier circuit 5, respectively. 
5 Other composition of the input buffer circuit according to the present preferred 
embodiment 2 is similar to the composition of the input buffer circuit according to the 
preferred embodiment 1 described above as shown in Fig. 1 . 

Besides, the input buffer circuit having a composition that two differential 
amplifier circuits are in a cascade connection with each other and the voltages V3a and 

10 V3b are impressed on the respective back gates of the transistors lx and 2x and the 
transistors ly and 2y is illustrated in Fig. 3. However, the number of the differential 
amplifier circuit is not limited to two, but two or more differential amplifier circuits only 
have to be in the cascade connection and the voltages V3a and V3b only have to be 
impressed on those two or more differential amplifier circuits. 

15 In this manner, according to the input buffer circuit according to the present 

preferred embodiment 2, not only the offset voltage caused by the difference between the 
characteristic of the transistor lx and the characteristic of the transistor ly but also the 
offset voltage caused by a difference between a characteristic of the transistor 2x and a 
characteristic of the transistor 2y can be canceled. 

20 Preferred embodiment 3 . 

Fig. 4 is a circuit diagram illustrating a composition of an input buffer circuit 
according to the preferred embodiment 3 of the present invention. A first input terminal 
of the differential amplifier circuit 51 (also called "voltage converting circuit" in the 
present preferred embodiment 3) is connected with a serial connection point between the 

25 resistance 3s and the capacitor 4s. According to this, a voltage value V2a outputted 
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from the first low pass filter circuit is inputted to the first input terminal of the differential 
amplifier circuit 51. Moreover, a second input terminal of the differential amplifier 
circuit 51 is connected with a serial connection point between the resistance 3t and the 
capacitor 4t. According to this, a voltage value V2b outputted from the second low pass 
5 filter circuit is inputted to the second input terminal of the differential amplifier circuit 
51. 

The differential amplifier circuit 51 outputs a voltage V3al with converting the 
voltage value V2a, and outputs a voltage V3bl with converting the voltage value V2b. 
The differential amplifier circuit 51 generates appropriate voltages V3al and V3bl 

10 according to the design specification of the differential amplifier circuit of the first stage, 
especially, a design specification of the transistors lx and ly by converting the voltage 
values V2a and V2b and outputs them. A first output terminal of the differential 
amplifier circuit 51 is connected with the back gate of the transistor lx. According to 
this, the voltage V3al is impressed on the back gate of the transistor lx by the differential 

15 amplifier circuit 51. Moreover, a second output terminal of the differential amplifier 
circuit 51 is connected with the back gate of the transistor ly. According to this, the 
voltage V3bl is impressed on the back gate of the transistor ly by the differential 
amplifier circuit 5 1 . 

A first input terminal of the differential amplifier circuit 52 (also called 
20 "voltage converting circuit" in the present preferred embodiment 3) is connected with a 
serial connection point between the resistance 3s and the capacitor 4s. According to this, 
a voltage value V2a outputted from the first low pass filter circuit is inputted to the first 
input terminal of the differential amplifier circuit 52. Moreover, a second input terminal 
of the differential amplifier circuit 52 is connected with a serial connection point between 
25 the resistance 3t and the capacitor 4t. According to this, a voltage value V2b outputted 
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from the second low pass filter circuit is inputted to the second input terminal of the 
differential amplifier circuit 52. 

The differential amplifier circuit 52 outputs a voltage V3a2 with converting the 
voltage value V2a, and outputs a voltage V3b2 with converting the voltage value V2b. 
5 The differential amplifier circuit 52 generates appropriate voltages V3a2 and V3b2 
according to the design specification of the differential amplifier circuit of the second 
stage, especially, a design specification of the transistors 2x and 2y by converting the 
voltage values V2a and V2b and outputs them. A first output terminal of the differential 
amplifier circuit 52 is connected with the back gate of the transistor 2x. According to 

10 this, the voltage V3a2 is impressed on the back gate of the transistor 2x by the differential 
amplifier circuit 52. Moreover, a second output terminal of the differential amplifier 
circuit 52 is connected with the back gate of the transistor 2y. According to this, the 
voltage V3b2 is impressed on the back gate of the transistor 2y by the differential 
amplifier circuit 52. Other composition of the input buffer circuit according to the 

15 present preferred embodiment 3 is similar to the composition of the input buffer circuit 
according to the preferred embodiment 1 described above as shown in Fig. 1 . 

Besides, the input buffer circuit having a composition that two differential 
amplifier circuits are in a cascade connection with each other, two voltage converting 
circuits 51 and 52 are placed and the voltages V3al, V3bl, V3a2 and V3b2 are impressed 

20 on the respective back gates of the transistors lx, ly, 2x and 2y, respectively is illustrated 
in Fig. 4. However, the number of the differential amplifier circuit and the voltage 
converting circuit are not limited to two, respectively, but two or more differential 
amplifier circuits only have to be in the cascade connection, the voltages V3al and V3bl 
only have to be impressed on those one or more differential amplifier circuits and the 

25 voltages V3a2 and V3b2 only have to be impressed on the other one or more differential 
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amplifier circuits. Moreover, in case that three of more differential amplifier circuits are 
in the cascade connection, the voltage converting circuits of the same number as the 
differential amplifier circuits can also be placed, or, it is also applicable to place the 
voltage converting circuits of less number than the differential amplifier circuits, 
5 branching an output of one voltage converting circuit and inputting them to two or more 
differential amplifier circuits, in the same manner as the preferred embodiment 2 
described above. 

In this manner, according to the input buffer circuit according to the present 
preferred embodiment 3, not only the offset voltage caused by the difference between the 

10 characteristic of the transistor Ix and the characteristic of the transistor ly but also the 
offset voltage caused by a difference between a characteristic of the transistor 2x and a 
characteristic of the transistor 2y can be canceled. 

Furthermore, the differential amplifier circuit 51 corresponding to the 
differential amplifier circuit of the first stage and the differential amplifier circuit 52 

15 corresponding to the differential amplifier circuit of the second stage are placed 
separately. Therefore, even in case that the characteristics of the transistors lx and ly 
and the characteristics of the transistors 2x and 2y are different with each other, the 
appropriate voltages V3al, V3bl, V3a2 and V3b2 can be generated separately 
corresponding to the respective characteristics. As a result, the offset voltage 

20 corresponding to the differential amplifier circuit of the first stage and the offset voltage 
corresponding to the differential amplifier circuit of the second stage can be canceled 
more appropriately as compared with the input buffer circuit according to the preferred 
embodiment 2 described above. 

Preferred embodiment 4. 

25 Fig. 5 is a circuit diagram illustrating an input buffer circuit according to the 
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preferred embodiment 4 of the present invention. Transistors lzx and lzy are placed in 
exchange for the transistor lz shown in Fig. 1. The transistors lzx and lzy function as a 
constant current source of the differential amplifier circuit of the first stage. Respective 
drains of the transistors lx and ly are connected with each other through a resistance 6. 
5 A drain of the transistor lzx is connected with the source of the transistor lx. 

A source of the transistor lzx is connected with the ground potential. The bias voltage 
BIAS is inputted to a gate of the transistor lzx. The first output terminal of the 
differential amplifier circuit 5 is connected with respective back gates of the transistors 
lx and lzx. According to this, the voltage V3a is impressed to the respective back gates 

10 of the transistors lx and lzx by the differential amplifier circuit 5. 

A drain of the transistor lzy is connected with the source of the transistor ly. 
A source of the transistor lzy is connected with the ground potential. The bias voltage 
BIAS is inputted to a gate of the transistor lzy. The second output terminal of the 
differential amplifier circuit 5 is connected with respective back gates of the transistors ly 

15 and lzy. According to this, the voltage V3b is impressed on the respective back gates of 
the transistors ly and lzy by the differential amplifier circuit 5. 

Other composition of the input buffer circuit according to the present preferred 
embodiment 4 is similar to the composition of the input buffer circuit according to the 
preferred embodiment 1 described above as shown in Fig. 1 . In Fig. 5, an example to 

20 apply an invention according to the present preferred embodiment 4 on a basis of the 
input buffer circuit according to the preferred embodiment 1 described above is illustrated, 
however, the invention according to the present preferred embodiment 4 is also applicable 
to the input buffer circuit according to the preferred embodiments 2 and 3 described 
above. For example, not only the transistor lz of the differential amplifier circuit of the 

25 first stage but also the transistor 2z of the differential amplifier circuit of the second stage 
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can be divided into two transistors 2zx and 2zy (not shown). Moreover, it is also 
applicable to branch the output of the differential amplifier circuit 5, input the voltage 
V3a to the transistors 2x and 2zx and input the voltage V3b to the transistors 2y and 2zy 
in the same manner as the preferred embodiment 2 described above. Or, it is also 
applicable to place the plural differential amplifier circuits 51 and 52, input the voltage 
V3al to the transistors lx and Izx from the differential amplifier circuit 51, input the 
voltage V3bl to the transistors ly and Izy from the differential amplifier circuit 51, input 
the voltage V3a2 to the transistors 2x and 2zx from the differential amplifier circuit 52 
and input the voltage V3b2 to the transistors 2y and 2zy from the differential amplifier 
circuit 52, respectively, in the same manner as the preferred embodiment 3 described 
above. 

In this manner, according to the input buffer circuit according to the present 
preferred embodiment 4, the differential amplifier circuit 5 controls not only the 
respective body bias voltages of the transistors lx and ly but also the respective body bias 
voltages of the transistors lzx and lzy. According to this, the offset voltage can be 
canceled more effectively as compared with the input buffer circuit according to the 
preferred embodiment 1 described above. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



